Should pulpless teeth be retainedat all? This question involves two others, the utility of the pulp and the value of a pulpless tooth. In these days we are loth to admit that any organ is useless, whether it be appendix, tonsil or tooth pulp. So many organs, the use of which was in former times unknown, have been proved to possess most important functions in the animal economy, so that we should not be surprised to discover that some new and altogether unsuspected role was performed by the tooth pulp, especially as its copious blood and nerve supply and cellular structure betoken anythirqg but a degenerate organ. However this may be, and however important the tactile function of the pulp in connexion with the co-ordination of the movements of mastication, we know that so long as the pulpless tooth is free from infection it does useful work and is without danger to its possessor. Such a tooth should hardly be called "dead." Its dentine is dead and as such is in reality outside the living body, the boundary of which is the junction between the dead dentine and the living cementum, which is an integral part of the tooth.
It is of the utmost importance to know whether the interior of the root of a pulpless tooth, originally free from infection and cut off from access of organisms from the oral cavity, will become infected by way of the living tissue or remain permanently healthy. If infection is the inevitable, or even the most probable, fate of all pulpless teeth it is obvious that extraction is the only rational treatment.
Infection of a tooth root by way of the blood is possible; modern research has shown that living organisms are present in the blood more frequently than once supposed. The fear that such organisms may settle in and around the apices of pulpless teeth is quite reasonable, and the systemic origin of apical septic foci has been held to be proved by their very frequent occurrence round carefully treated roots, by the large proportion of infection by streptococci of the viridans type and by actual experiments such as those of Novitsky [6] . Due weight must be attached to these reasons but they are by no means conclusive.
As to the frequency of septic foci around the apices of treated dead teeth, it will probably be some time before root canal technique is sufficiently uniform to warrant important conclusions being drawn from the results of any series of unselected cases. Any judgment based on the type of organism found in the septic focus appears to be as little conclusive, and Novitsky's experiments with boiled implanted teeth do not seem to throw much light on the condition of a tooth with healthy cementum and alveolo-dental membrane. On the other hand some pulpless teeth appear to be perfectly sound, both on radiographic and clinical evidence, and show no sign of any pathological changes when extracted for reasons unconnected with their own condition.
While living organisms have been found so frequently in the animal body, research has shown that the powers of the protecting mechanism are normally sufficient to cause their destruction. Hence I think that until the best modern methods of root canal technique have had a lengthy trial, and have definitely been found wanting, it is reasonable to conclude that bloodborne infection is the exception and not the rule.
The rational treatment of a pulpless tooth may then be defined as the sterilization of existing infection, the removal of internal soft tissue and its replacement with a root-filling that will neither irritate the living parts nor permit infection of the dead ones, including the root-filling itself. Removal of infection is essential, for without it the remaining treatment may be worse than useless.
For the purposes of treatment of infection pulpless teeth may be divided into three classes: (1) Those the pulps of which were alive at the commencement of treatment; (2) those with pulps dead but with cementum and pericementum alive in their entirety; and (3) those with partially dead apical cementum and detached and damaged membrane.
(1) The first class comprises those teeth which the operator devitalizes himself, which, having exposed pulps, are all more or less infected. Our first aim is to kill the organisms in the tooth without driving any of them into the peri-apical space. Of course the peri-apical space inay be already infected while the pulp is still alive, but at any rate we must not increase the amount of infection.
The method of devitalization is important in connexion with the possible spread of infection; "pressure anaesthesia" almost inevitably drives infective material through the apical foramina; arsenic, whatever may be said against it on other grounds, probably effects sterilization within a certain radius of action; destruction under anasthesia by nerve blocking neither helps our efforts at disinfection nor does it hinder them.
As infection is present, merely "aseptic " methods, however carefully employed, are insufficient; some active germicide must be used. The qualities required of such an antiseptic are germicidal power, rapidity of action and absence of irritation to the living tissue. Some of the higher members of the phenol series appear to be the best agents available; their antiseptic action is greater than that of phenol itself [1] while they are less caustic and less soluble in water, and so less likely to exert any destructive action by passing through the foramina into the peri-apical space. The ordinary tricresol, which is a mixture of the three isomeric cresols, answers our purpose very well.
The technique of its employment is very simple. The tooth is isolated with rubber. If the cavity is so situated that it is impossible to insure against leakage it should be enlarged sufficiently to give retention and a watertight filling of cement inserted. Rubber-dam can then be applied and the pulp approached through some more convenient channel. The whole field of operation is wiped over with the full strength tricresol. Any temporary filling is then removed and the tooth cavity immediately flooded with tricresol. All instruments and material introduced into the tooth cavity must be sterile, so that no further infection be carried to the inside of the tooth from start to finish. This requirement is obvious and is only mentioned to emphasize the necessity of a practical course of bacteriology being a compulsory part of the dental curriculum, so that every student may acquire the "aseptic sense" from his own experience of laboratory methods.
Cleansing of the cavity and removal of the remains of the pulp are effected in the pool of antiseptic fluid, debris being wiped away from time to time with wool saturated with the same liquid. Every instrument passing through the tricresol carries a portioin of it into the deeper parts of the tooth, and as the remains of the pulp are removed tricresol runs in and occupies the vacant space.
When the canal is cleared of debris and is full of tricresol a paper point soaked in the same fluid may be placed in it, and covered with a water-tight cement filling; a small quantity of paraform may with advantage be included in this " dressing."
At the next visit the tooth cavity is opened with the same precautions as before and the paper point removed under a pool of tricresol, so that the canal is never left open or dry from the beginning of the treatment to the end. It is now ready for filling.
(2) The second class includes those pulpless teeth which the operator finds dead" but which show no apical change in a radiogram and have never troubled the patient. It is not safe however to assume that the peri-apical space is free from infection although it may be so in some cases. The researches of Mr. Payne [71 and of Dr. Grove [2] into the deposition of cementum in the apical foramina are interesting in this connexion. Presumably nature hereby interposes an efficient barrier between the dead parts and the living, and in fact makes a natural root filling.
Our aim in these cases is to sterilize the dead parts of the tooth before manipulation, which otherwise would very likely cause extension of, infection. In order to do this the entire dead part must be saturated with an antiseptic of sufficient strength to kill the organisms present. This is very difficult for several reasons, one of which is the structure of the tooth root, which may not only have aberrant pulp canal branches but is permeated by dentinal tubes, and all those spaces may be full of organisms, so that,the whole root is septic throughout. Another difficulty is the old one that tissue cells are as vulnerable, or more so, than bacteria, and may suffer serious damage while disinfection is in progress.
Neither of these difficulties should be insurmountable. Wherever organisms can penetrate, a diffusible substance soluble in water can certainly follow them, and it ought to be merely a matter of strength of the antiseptic and time of its action for sterilization to be complete. Laboratory experiments have Parfitt: The Treatment of Pulpless YTeeth shown that formalin has the power of diffusing right through dentine and exerting an inhibitory action on the growth of organisms in the medium surrounding the tooth [8] . The aniline dyes also penetrate the tooth substance. This can be shown in the living subject by sealing such a substance as proflavine in the pulp canal of a tooth; after a few days its yellow colour will appear under the surface of the visible part of the root, and I have one or two specimens of extracted teeth that were so coloured while in the patient's mouth. Hence, given sufficient time, sterilization of the dead dentine should be possible.
As to the other difficulty, which is very real, we are much favoured by the different physical conditions of the dead dentine and of the living tissues of the peri-apical space, including the cementum. In the pulp canal, and the channels opening out of it, there is a condition of stagnation, hence the concentration of antiseptic is not interfered with by the circula,tion that goes on in the living tissues. The only interchange between the fluid contained inside the tooth and the tissues outside is by way of the pulp foramina and sutch minute communications as exist between the terminations of the dentinal tubules and the canaliculi of the cement in the apical third of the root. On the outside the cementum and alveolo-dental membrane are bathed in the living tissue fluids which are constantly circulating and so carrying away any material which diffuses out of the inside of the tooth. Hence the concentration of antiseptic on the two sides of the dividing line between the living and the dead is almost bound to be very different,,and while I cannot give any figures to support the statement, I think that both clinical experience and the specimens of teeth stained intra vitam indicate that, with reasonable care, a sufficient concentration to kill the contained organisms can be maintained inside the tooth without the strength in the peri-apical space rising to a point dangerous to the living cementum. ' A convenient way of applying formalin for this purpose is to seal about 4 gr. of paraform in the pulp cavity, or over the aperture leading into it. Paraform is a polymer of formaldehyde, alid at ordinary temperatures tends to dissociate into that substance until a condition of equilibrium between the two bodies is reached. The strength of formalin maintained will be greatest near the paraform and will fall off in the direction in which it is free to diffuse away into the surrounding medium, namely, at the apical foramina. This one application of paraform sealed in with a watertight filling is therefore equivalent to repeated dressings with ordinary formalin of comparatively low concentration. No attempt is made to disturb the contents of the pulp canals at this first visit, but after a few days the tooth may be treated as if it were a member of the first class, and in my own experience sucb treatment is not followed by any trouble, whereas, had the canals been cleaned out at the first visit in the same bold fashion peri-apical inflammation would almost certainly have occurred.
If there should be infection of the peri-apical tissues, without permanent damage, the removal of. the large mass of infection in the pulp canal and the diffusion of antiseptic of low concentration through the apical foramina would probably be the best treatment; any more drastic measures might precipitate the mischief we were trying to avoid.
(3) As to teeth of the third class-those with more or less dead apical cementum-the structure and relations of the tooth apex are such that it is difficult to imagine the possibility of sterilization of the cemental aspect by any treatment through the canal. The reduction of concentration of the antiseptic outside the foramina, so desirable when the cementum is alive, is here a positive disadvantage. This difference between the condition inside the tooth and that in the peri-apical space is shown by one of the specimens already referred to, which had an application of proflavine for a week before extraction.
The foramen was quite patent, so that there was no bar to diffusion through the end of the root, and yet, while the dentine is deeply stained, the cementum of the apex is still perfectly white, showinig that the dye was not in contact with it in any useful concentration. For this reason and in view of the possibility of systemic infection by such teeth, the only rational treatment may be to get rid of them. Clinical experience, however, suggests that when there is no evidence of systemic infection certain teeth of this class may be treated with sufficient prospect of success to warrant the performance of the operation. Many operators have treated them, both by way of the canal and by root resection, and produce radiographic evidence of improvement in the bony surroundings of the root apex.
It is difficult to imagine any action of ours resulting in a sterile apex, but we must not forget the patient's own immunity mechanism, and, as Mr. Livingston has shown [4], it is evident that in many cases nature does effect what may reasonably be called the cure of a radicular abscess.
Probably the chances of successful treatment depend upon the concurrence of several factors, such as the efficiency of the resisting powers of the patient, the amount and nature of the damage done to the tooth apex and possibly the nature of the organisms present. It appears that certain teeth with an external sinus respond to treatment as if they had received less damage than those with the so-called blind abscesses.
If there is reason to suspect systemic infection in our present state of knowledge all teeth of this class should be removed, although the mischief has already been partly done, and although we run the risk of sacrificing innocent teeth.
How are we, as dental surgeons, to know whether a given patient is suffering from systemic infection or not ? Dr. Lowe has discussed this question in the British Dental Journal of August 15, 1921 [5] and points out that much light can be thrown on the case bv a blood examination. The presence of leucocytosis will indicate the presence of infection and the proportion of eosinophil cells will show how far the patient's powers of resistance are rising to the occasion.
Expert diagnosis of the patient's condition, including blood examination, is the r6le of the physician, and in any individual case his opinion as to the patient's condition should determine the dental surgeon whether he shall advise the removal of all dead teeth, or only those that show radiographic evidence of bone changes, or whether on the other hand, some attempt shall be made to treat some or all of them conservatively.
After sterilization comes the clearing of the canals. The researches of Professor Hess [3] and others have shown that most canals are so tortuous or so branched that their complete clearance by any instrumental method is impossible; consequently, what is to be the ultimate fate of uncleared portions of canal which open on to the cemental surface of the root ?
Many pulpless teeth, some of which must have had aberrant canals, appear by clinical and radiographic evidence to be in sound condition. I have already referred to the possibility that in some cases, at any rate, cementum grows in from the outside and partially or entirely occludes the foramina. When this occurs nature has itself constructed a root filling at the termination of the canal, which is just the place where it is most wanted. When this has not happened, and still the tooth has remained free from infection, we can only conclude that the patient's own protective mechanism has kept the minute portion of dead material free from infection. Probably there is some question of quantity concerned, and it may happen that nature is able to keep a short length of canal clean, but not a long one, just as she can at times destroy bacteria up to a certain number or concentration, but not beyond that limit.
In any case the soft contents must be cleared out as far as possible, provided no risk be run of doing damage beyond the apical foramina. It has been well said that living tissues are often more resistant to the action of bacterial toxins than to that of gross chemical caustics, and there is little doubt that pushing strong acids or alkalies out through the foramina may do far more harm than leaving a small amount of sterile pulp tissue at the extremity of the canal itself, especially as that extremity is often constricted in diameter.
The problem of filling the emptied canals should not be difficult. Wherever instruments have penetrated the canal and removed pull) tissue from it they should be able to introduce some material to take its place. The method of cleaning already referred to leaves the canals full of tricresol4 and the filling of them by substitution has, at any rate, the advantage of simplicity. This.
involves the use of some material which can be introduced in a plastic condition, and is miscible with the fluid already in the canals. Such a material is. a pasty mixture of zinc oxide (or artificial dentine), tricresol, and carbolized resin. This material can be loaded with any desired antiseptic, such as paraform in any quantity up to say 10 per cent. If a small portion of the freshlymade paste be introduced into a canal on a fine flexible broach, it quickly mixes with the liquid already present, and repeated introduction of paste will thicken the contents of the canal to any desired degree. A cone of metal or gutta-percha may with advantage be introduced at the completion of the operation. Such a paste will in time set into a moderately firm mass and appears to form a very satisfactory root filling. The total bulk of the whole material is so small, and is in contact with the living tissue at so small an aperture that no irritation appears to be produced by the paraform it contains, and yet, expressed in terms of formaldehyde, this amount of paraform is equivalent toan amount of a 25 per cent. solution of the strong formalin of commerce, sufficient to occupy the entire space of the canal.
Many writers advocate the forcing out of root-filling material through the foramen; reason and experience, however, seem to point to the limitation of contact between the foreign material and the living tissues to the smallest area possible, namely, the actual orifices of the foramina. Dr. Howe's silver method is much recommended, and may well prove a valuable adjunct to dentistry. Transparent preparations of teeth so treated out of the mouth show that. the black deposit is far reaching. It has been stated that the silver method specially selects the septic parts of the tooth substance; this would be difficult to prove, but it seems to be a fact that macerated teeth take both the silver stain and aniline dyes better than fresh teeth that had healthy pulps previous, to their extraction.
The antiseptic action of the silver treatment appears to be unquestionable, as we might expect when the reduction is effected w-ith an agent which is itself a strong antiseptic. In fact there is considerable danger of damaging the peri-apical tissues, if formalin be chosen as the reducer. Some experiments made by Mr. Bulleid in the bacteriological laboratory of Guy's Hospital suggest that the precipitated silver is itself an antiseptic. The ,experiments were made with precipitate which had been well washed and boiled and had thereby been turned into a black powder. The fresh, chocolate coloured, finely divided and perhaps partly colloid silver, would probably be much more active than the material actually experimented upon, which was intentionally freed from the reducing agent. Should the method be styled root " filling " or only root " treatment" ? If reduced in a test tube the silver forms a bulky precipitate of a light brown colour. Under light compression it occupies about 50 per cent. by volume of the original ammonia silver solution. When diluted with the reducing agent under mouth conditions, the bulk must be considerably less than this amount. It may, of course, happen that, under favourable circumstances, the silver may form a coherent coating at the periphery of the canal, and so occlude the foramina in a perfectly efficient manner.
In a test-tube experiment it was found that by floating the reducing agent over the silver solution so that the two did not mix together, the reduced silver formed an impervious layer which prevented further access of one fluid to the other, even after the lapse of several days. On breaking through this layer and mixing the liquids the usual copious precipitate was immediately formed. This suggests that it would be better for the reduction to take place from without inwards rather than from within outwards, which is the probable event when the usual technique is practised.
Mr. Bennett, of the Chemical Teaching Staff of Guy's Hospital, suggests that, since the ammonia silver solution is reduced with extreme ease, the organic material present in the tooth would probably of itself be a sufficient reducer.
If reduction could be effected by the organic material of the tooth and the tissue fluids at the entrances of the foramina, it might quite well result in the deposition of a coherent layer at the periphery of the silver solution, which would not only line the canals, but also, as in the test tube experiment, bridge ,over all the openings with an impermeable sheet of solid metallic silver.
DESCRIPTION OF SPECIMENS SHOWN.
(1) Rubber casts of pulps made by Hess's imiethod.
(2) Pulp of central incisor showing side branch reaching to exterior of root.
(3) Teeth stained with proflavine: (a) Intra vitai ; (b) freshly extracted;
(c) macerated. (4) Teeth stained with brilliant green. (5) Root fillings made by substitution method. (6) Tube of Howe's silver solution and reducer showing formation of im-lpermiieable sheet of silver at junction of the two fluids.
(7) Transparent preparations of fresh and macerated teeth showing penetration of silver by Howe's method.
